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(57) /^STRACT 

Possible failure of x-ray tubes is predicted by monitoring 

and analysis of operating parameters considered leading 
indicators of failure. Historical data for a lube population is 
analyzed by discriminant analysis to develop a failure pre- 
diction algorithm. The algorithm is used to correlate oper- 
ating parameters, or values derived from the operating 
parameters with a potential for tube failure. The operating 
parameters may include anode ovcrcurrent events and spits, 
or spit rale exceeded eaors for a diagnostic system in which 
the x-ray tube is installed. 
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X-RAY TUBE LIFE PREDICTION METHOD ment of the tubes upon failure. Present procedures for 

AND APPARATUS leplaoemcnt of x-ray tubes in medical diagnostic systems are 

primarily reactionary. Service pecsoimel generally monitor 

FIELD OF THE INVENTION the performance of the tubes over time and through the 

TTie present invention relates generally to the field of ' various examination sequences. However, the service per- 

mcdical diagnostic systems employing x-ray lubes as sonnel arc often made aware of tube fadures only as they 

sources of radiation. More particularly, the invention relates ^Y^" » '"^^ ^oes fail, to insure rapid replacement of 

to a technique for predicting future life and possible faUure ^\^<^ » convcnUonal response .s to expedite shipment 

of an x-ray tube through analysis of ptedicUve parameters °^ \ replacement tube which is then installed by irajned 

sensed during use of the tube. ^"^^ personnel at considerable shipping and handhng 

expense. While the x-ray tubes could be shipped in advance 

BACKGROUND OF THE INVENTION and stored on location or in a centralized service facility, 

A variety of medical diagnostic and other systems are th=^^^lratcgies also require inventory of relatively expen- 

. ^ , ,j ^ r sivc items, again resulting m additional costs or the service 

known m which x-ray mbes are employed as a source of ^ inventories may also inconveniently occupy 

radranon. In medical miagmg systems, for example x-ray y ^^^.^^ 

lubes are used m both X-ray systems and computer tomog- _ ^ j..- r 

raphy (CT) systems as a source of x-ray radiation. The ^h"!^ >s a need therefore for an improved lechmque for 

radiation is emitted in response to control signals during P^dicimg possible failure of x-ray tubes m medical diag- 

examinaUon or imaging sequences. Tlie radiation traverses a 0°^.^^ equipment. There is a parucular need for a technique 

subject of interest, such as a human patient, and a portion of ^ which will accurately predict potential failure, permitung 

the radiation impacts a detector or a photographic plate replacement tubes to be shipped or replacement to be 

where the image data is collected. In conventional x-ray scheduled m an orderly fashion prior to the actual lube 

systems the photographic plate is then developed to produce f^^l^^e. Such a system could also provide feedback for 

an image which may be used by a radiologist or attending plannmg the tube manufactunng and assembly process, as 

physician for diagnostic purposes. In digital x-ray systems a ^ weU as feedback to system users for plamung the replace- 

photo detector produces signals representative of the amount ^^^^ process. 

or intensity of radiation impacting discrete pixel regions of SUMMARY OF THE INVENTION 

a detector surface. In CT systems a detector array, including .j^^ ^^^^^^ invention provides a technique for predicting 

a series of detector elements, produces simdar signals possible failure of x-ray tubes designed to respond to these 

through vanous posiUons as a gantry is displaced around a ^^^^ technique may be employed in conjunction with 

patient. various types of systems employing x-ray tubes as radiation 

Depending upon the particular modality of the imaging sources. The technique is particulariy well suited to predici- 
system and the system configuration, the x-ray tube source failure of x-ray mbes in medical diagnostic equipment, 
may be mounted in various manners. For example, in such as conventional and digital x-ray systems, CT systems, 
conventional x-ray systems, anode and cathode assemblies ^ fo^th. The technique allows data available from x-ray 
support the x-ray lube within a casing. The anode assembly control and monitoring circuits to be analyzed as a 
is coupled to a target within a glass or metal envelope, while leading indicator of future tube failure. In a presently 
the cathode assembly is coupled to a cathode plate. A metal prefened embodiment the parameters are monitored in data 
shield or casing surrounds the glass envelope. The volume ^ sweeps by a centralized service facility. Alternatively, the 
between the casing and the envelope is filled with a coohng ^^^^ jjjay be monitored directly at the diagnostic equipment 
medium, such as oil. A window is provided in the casing for scanners and the analyses performed locally at the medical 
emitting x-rays created by controlled discharges between the facility. Discriminant analysis is performed on certain can- 
cathode plate and the target. didatc parameters considered to be leading indicators of tube 

The x-ray tube is typically operated in cycles including 45 failure. Based upon the results of the analysis an algorithm 

periods in which x-rays are generated interleaved with is developed for future analysis of operating parameters of 

periods in which the x-ray source is allowed to cool. A the tubes. When a failure is predicted, a replacement tube 

typical imaging sequence may include a number of such may be ordered and shipped prior to the predicted failures, 

sequences. Moreover, the x-ray tube may have a useful life The facility in vs^ch the tube is installed may also be 

over a large nimiber of examination sequences, and must 50 informed of the scheduled tube replacement, as may field 

generally be available for examination sequences upon service technicians who will install the replacement tube, 

demand in a medical care facility. The technique also facilitates reporting of the operability of 

Given the demanding schedules to which x-ray tubes arc the systems incorporating the tubes to the facility, 

often subjected, failure of the tubes is of particular concern. Thus, in accordance with one aspect of the invention, a 

Various failure modes have been observed in x-ray tubes, ss method is provided for predicting failure of an x-ray tube, 

and these may have a variety of sources. For example, within For such failure prediction, a plurality of operating param- 

the glass encasement a vacuum or near vacuum is preferably eters of the x-ray tube are monitored, and a failure prediction 

maintained. However, due to leaks, degradation in the value is derived from the monitored parameters. The failure 

cathode or anode materials, decomposition of anode prediction value is compared to a desired reference value, 

filaments, and so forth, particulates may be created or freed so Based upon the comparison a signal indicative of prediaed 

within the tube. These particulates may result in eventual tube failure is generated. The desired reference value may 

failure of the tubes over time. Failure of the tubes can also also be derived from the monitored parameters. Moreover, 

be a function of the modes of operation and user-selected the parameters may be monitored, the comparison made, and 

parameters, such as voltage or current. the failure prediction signal generated either at a tube 

Due to the stringent requirements and reliability demands 65 location, or at a remote location, such as at a service center, 

placed on x-ray tubes in medical diagnostic systems, special In a presently preferred embodiment, the parameters moni- 

programs may be implemented for insuring rapid replace- tored in the process include parameters related to anode 
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ovcrcurrent events and to spits occurriDg within the x-ray In the system shown in FIG. 1, radiation source 12 

tube. The failure prediction value may be derived from the receives power and control signals finom a generator or 

monitored parameters in accordance with an algorithm controller 16. Generator 16 converts alternating current 

established by statistical methods, such as discriminant power to direct current power and applies controlled pulses 

analysis. 5 of DC power to tube 14 to induce emissions of x-ray 

Hie invention also relates to a method for predicting radiation for examination purposes. Moreover, generator 16 

potential failure of x-ray tubes which includes steps of monitors a range of operating conditions or parameters of 

monitoring operating parameters of a population of x-ray the tube in a rnanncr dcscnlKd in greater detail below. Power 

tubes, and performing statistical analysis of the monitored ^nd control signals from generator 16 are conveyed to tube 

parameters. A failure prediction algorithm is then generated lo * conductors 18. 

from the statistical analysis. The statistical analysis may Under the command of generator 16, tube 14 within the 

include discriminant analysis of a range of monitored radiation source produces a stream of radiation 20. The 

parameters. The method may include further steps of moni- radiation is directed through a ooUimator 22 and passes 

loring operating parameters of at least one x-ray tube and through a subject 24, such as a human patient, during 

predicting failure of the x-ray tube based upon the monitored 15 examinations. A portion of the radiation impacU a detector 

parameters and the failure prediction algorithm. 26. In the case of a digital x-ray system, detector 26 converts 

The invention also provides a system for predicting ^^6^ ^^^SV P^^^ns to lower energy photons which are 

failure of an x-ray tube. The system includes a monitoring ^etected by a senes of photo diodes (not shown). The 

circuit coupled to the x-ray tube for monitoring operating ^^^^^}°! electronics convcn the sensed signals to image data 

parameters indicative of possible failure. The system also 20 ^^^^^ is output as mdicated at reference numeral 28. Detec- 

includes a failure prediction circuit coupled to the monitor- ^^r 26 conveys the image data signals to a controVdata 

ing circuit. The failure prediction circuit executes a failure acquisiUon circuit 30. Circuit 30 also provides control 

prediction routine based upon the monitored parameters and signals for regulaUng scannmg of the detector. Moreover 

generates a failure prediction signal based upon the routine. circuit 30 may perform additional signal proccssmg or signal 

The failure prediction circuit and the monitoring circuit may 25 ^^^^""8 functions. FoUowiog such processing, circuit 30 

be provided at the same or at different locations. In a conveys the processed image data, mdicated at reference 

preferred configuration, the failure prediction circuit is posi- "^^icral 32, to a system controller 34. 

tioned remote from the monitoring circuit, and receives data System controller 34 receives the image data and per- 

representative of the monitored parameters via a network forms further processing and filtration functions. In 

connection 30 particular, controller 34 derives discrete data from the 

acquired signals and reconstructs useful images from the 

BRIEF DESCRIPTION OF THE DRAWINGS ^^^^ ControUer 34 then stores the image data in a memory 

FIG. 1 is a diagrammatical representation of a digital or storage device 36. Device 36 may also be used to store 

x-ray imaging system incorporating an x-ray tube as a configuration parameters, data log files, and so forth. In a 

source of radiation; 35 presently preferred configuration, system controller 34 also 

FIG. 2 is a diagram of an exemplary x-ray tube of the type provides signals to generator 16 for controlling emissions of 

incorporated in the system of FIG. 1; x-ray radiation from source 12, System controller 34 may 

FIG. 3 is a detail view of a portion of the operative also include circuitry for providing interactive data 

components of the x-ray mbe of FIG. 2 illustrating events exchange with remote computer stations, such as a ccntral- 

which give rise to parameters presently considered as lead- 40 i^ed service center as described more fully below. Finally, 

ing indicators of possible tube failure; system controller 34 includes interface circuitry for 

HG. 4 is a graphical representation of an exemplary time exchanging configuration data, examination requests, and so 

histogram of events presently considered indicative of future forth, with an operator interface 38. The system may also 

tube failure- include sensors for detecting specific operating parameters, 

HG. 5 i^ a diagrammatical representation of a service 45 such as temperature and vibration valu(^ of w^^^ 

network linked to a series of scanners of the type illustrated ^e stored and analyzed as descnbed below. Operator mter- 

in HG. 1 for monitoring tube performance, predicting face 38 preferably mcludes an operator work sUUon which 

possible tube failure, and scheduling replacement of x-ray P<^r°!f ^^'"^"n'l °' radiologists to request and control 

tubes- and specific exammations, review data log files, view recon- 

r^' ^ * a J- 11 . «• . ^ % 50 structed images, and output reconstructed images on a 

FIG. 6 IS a now diagram illustratmg steps m exemplary ... i_ * ci 

, . - . . ^. J - r 1 r fu tangible medium, such as photographic film, 

logic for momtonog and predicting failure 01 x-ray tubes f , . ^ ^ 1 .« j • .l . 

and for scheduling their replacement. As be appreaated by those skiUed m the art, the 

foregoing system descnption is specific to digital x-ray 

DETAILED DESCRIPTION OF THE imaging. Other control and interface circuitry will, of 

INVENTION 55 course, be included on other scanner types, such as conven- 

Tiiraing now to the drawings, and referring first to FIG. 1, tional x-ray systems, CT imaging systems, and so forth. In 

a diagnostic imaging system 10 is illustrated diagrammati- general, however, such systems will include a generator or 

cally. System 10 includes a source of x-ray radiation 12 controller for commanding emission of x-ray radiation for 

which employs an x-ray tube 14. In the embodiment illus- examination or calibration purposes. Moreover, for imple- 

trated in FIG.l, system 10 is a digital x-ray imaging system. 60 mentation of the present technique, such systems will 

However, it should be noted that the digital x-ray system is include inherent capabitities for monitoring performance of 

illustrated and described herein as an exemplary system the x-ray tube during such examination or calibration 

only. The present technique for predicting tube failure and sequences such that parameters considered as leading indi- 

scheduhng tube replacement may be applied to any type of cators of tube failure may be acquired, stored and analyzed, 

imaging, diagnostic, or other system employing such x-ray 65 FIG. 2 illustrates an exemplary radiation source 12, 

tubes, such as conventional x-ray systems, CT systems, and including an x-ray tube 14. In the embodiment shown in 

so forth. FIG. 2, the radiation source includes an anode assembly 40 
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and a cathode assembly 42. The anode and cathode power is applied to filaments within the cathode cup, an 

assemblies, along with x-ray tube 14 are positioned within electron beam 70 is emitted which strikes the anode disk, 

a casing 44 which may be made of aluminum and lined with While the beam is preferably created in a vacuum, during 

lead. Tube 14 is supported by the anode and cathode operation of the x-ray tube particulates 78 may be present in 

assemblies within the casing. Tube 14 includes a glass 5 the tube. Such particulates may be introduced in the tube by 

envelope 46. Within the glass envelope, adjacent to anode ig^ks, degradation of the system components within the 

assembly 40, a rotor 48 is positioned. A stator 50 at least t^be, decomposition of the tube filaments, and so forth, 

partidly surrounds the rotor for caj^ing rotation of an anode w^eo electron beam 70 impacts such particulate matter, the 

disc dunng operation, as descnbed below. Casmg 44 IS fil^^^^ ^1^^^^^ beam may conUnue toward the anode disk as 

>j^th a coolmg medium such as oU around glass en^^^ .^^-^^^^^ ^^^^^^^^^ ^^^^^^^ ,^ ^^^^^.^ 

The cooling medium also preferably provides high voltage , l i_ja.jf 

insulation r j r e»" & however, the electron beam may be deflected from the target 

, . . , . «. disk as indicated at reference numeral 82. Both incidents 

Wilhin envelope 46, tube 14 includes an anode 52, a font ^^.^ anomalies in the signals exchanged between the tube 

portion of whid) is formed as a target disc 54. A target or generator 16 which can be detected by the generator, 

focal surface 56 is formed on disc 54 and ^ struck by an ,^ ^^^^j ^^^^ ^^^j^ f, ^„^„t discharges. When 

electroii beam durmg operation as described below. •I\ibe 14 pa^Uculate is encountered by the electron beam and the 

further includes a cathode 58 which is coupled to the cathode f,^^^ continues along its path to impact the anode disk, an 

assembly 42 via a series of electrical leads 60 TTie cathode ^^^^^ ovcrcurrenl event may be recorded. Moreover, where 

includes a central sheU 62 ftom which a mask 64 extends. ^^^^ ^eam is diverted from the anode disk by the 

The mask encloses leads 60 and conducts the leads to a ^ rticulatc. the high current discharge event is generally 

cathode cup 66 mounted at the end of a support arm 68. ^^^^^ ^ « j,„ ^ ^^^^ ,„ atttctiag current 

Cathode cup «6 seives as an electrosUUc lens that focuses anomalies of these types, generator 16 is capable of dislin- 

electrons emitted from a heated filament (not shown) sup- g^j^^^jg between anode overcunent events and spits. Such 

poned by tne cup. events are recorded by system controller 34 and saved 

As will be appreciated by those skilled in the art, as ^ within memory circuitry 36. As will be appreciated by those 

control signals are conveyed to cathode 58 via leads 60, the skilled in the art, various other anomalies may be detected 

cathode filaments wilhin cup 66 are heated and produce an ^nd recorded in a similar manner, 

electron beam 70. The beam strikes the focal surface 56 and , , . ^. ..^ . , ^ ^ ^ 

generates x-ray radiation which is diverted from the x-ray 1° ° »« '^""''"'e ""^ '"='"»1. 

mbe as indicated at reference numeral 72. The direction and 30 overcurrent everts and spite, system contmUer 34 preferab y 

orientation of beam 72 may be controUed by a magnetic field f addUional parameters from at least one of these In 

produced by a deflection coil 74. Tlie field produced by ""e present embodiment, for example the system ointroller 

deflection coil 74 is also preferably controlled by the gen- »™'«'' of spits per day of operation. Moreover, 

erator and controller circuitry 16 described above. RadiaUon """"t '° ^'^^ ' * ! mterrupted upon the 

beam 72 then exits the source through an aperture 76 in 35 °f » ^p". and subsequently reapplied dunng an 

^oo «« AA ^^^^.:A^A fkic «„r^^e^ t> r exammauon sequence. Such events are recorded by the 

casing 44 proviaeo tor this purpose. „^ , , , - . , , ' . 

^„ , j.f. . , ^ A , system conUroUer and logged for each day of operation. 

X-rays are produced m the x-ray tube 14 when, in a « -f . » u ■ j • . 

^ , ^ , jj i*jL*L v However, a maxunum "spit rate may be imposed in terms 

vacuum, electrons are released and accelerated by the appb- r •» .... Tr X . ■ . «u 

* . . . .... ... LI of spits per umt time. If the spit rale is greater than a preset 

cauon of high voltages and curren^ to the cathode assemHy ^.^^ / examination is typically aborted. For 

and arc abruptly uitcrcepted by the anode target disc. Hie 40 i 3 , embodiment of the system, a spit rate 

voltaee diSerence between the cathode and anode compo- / j .u . • 

^ ^ of over 32 spits/second causes the current exammation scan 

nente may range fiom tens of housands of volts to m excess ,^ ^^^^/^ g^^^ ^^^^^ ^^^^ exceeded" 

of hundreds of thousands of volts^ Moreover. Ac anode ^^^^ ^ gj^^ ^ ^ 

tareet disc may be rotated such that electron beams are .tt-*^ j- j- 

^ , "Ir . • . \u J • . monitored by system controller 34 and stored in memory 

constantly striking a different point on the anode penmeter. 45 . ^^^^^ 36 

Depending upon the construction of tube 14, the desired . 

radiation may be emitted by substances such as radium and Through extensive analysis of operating parameters for a 

artificial radiotropics, as well as electrons, neutrons and population of x-ray lubes, it has been found that certain of 

other high speed particles. Within the envelope of tube 14, the parameters monitored by generator 16 and system con- 

a vacuum on the order of 10"^ to about 10'^ torr at room 50 tfo^er 34 provide accurate predictive indicators of tube 

temperature is preferably maintained to permit unperturbed failure. From this analysis a model algorithm has been 

transmission of the electron beam between the anode and developed which permits the monitored parameters to be 

cathode elements. correlated with a potential for tube failure. While algorithms 

As noted above, in addition to providing power and including a large number of monitor parameters may be 

control signals for operation of tube 14, generator 16 (see ss included in such faihire prediction analyses, in a present 

FIG. 1) monitors operating parameters of the tube. Certain embodiment the rate of occurrence of anode overcurrent 

of these parameters are considered as predictive of future events and SREs are used to generate failure prediction 

tube failure in accordance with the present technique. Such values which may be compared to evaluate the potential for 

parameters may be measured via sensors, but are preferably short term tube failure. As described more fiiUy below, 

available from the characteristics of the control and power 60 ^^^^^^^ used in the present technique to 

signals applied to the tube. HG. 3 is a dcuUed representation identify and to properly weight such predictive parameters 

of a portion of the lube components, and illustrates certain i" algorithm, and to relate them in a value considered 

operational anomalies which can occur in the tube leading to predictive of hibe failure. 

detectable parameters considered to be predictive of future By way of example, FIG. 4 is a graphical representation 

tube failure. 65 of a "ZO-score" derived fi^om data files of SREs for an 

As shown in FIG. 3, cathode cup 66 is positioned adjacent exemplary x-ray tube. The Z-score is calculated based upon 

to anode disk 54 within the interior of the x*ray tube. As the occurrences of SREs by the following relationship: 
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constant and weighting values indicated above may be 
SREia-SREt (eq. 1) altered or replaced by other values to accurately predict 

- score - Q.^^ • potential tube failure . 

As noted above, in the present embodiment the param- 
r,,^^ . . . ^^w^T^ 1 5 eters considered indicative of future tube failure are moni- 

Where SRE„ is the »verage number of SREs per day over ^ individual diagnostic or imaging system in 

a previous three day period SRE^ is the averse number of ^^^.i^ ^^e is instaUed. The analysis of these parameters 
SREs per day over the hfe of Ihe tube and is the ^e performed at the diagnostic system, or may be 

standard deviauon of the number of daily SREs over the life performed remotely, such as at a central service facility. FIG. 
i51 M . . « - . ™ 10 5 represents a diagrammatical representation of a number of 

FIG. 4 represents a histogram or curve 84 of the Z^te diagnostic systems or scamieis 94 coupled to such a central 
over ime. The Z-scote may be graphed over a base line of ^^^^ f^^^ ^ ^^^^^^ j^,^ ^^^^ ^^^^^^ 
time 86 and a magnitude on a vertical axis 88. As indicated embodiment illustrated in FIG. 5 scanners 94, which may be 
by the histogram, the Z^core is generally expected to ^-^^^ ,„ j-^erent from one another, inch.de interactive 
remam at an extremely low or ntill level throughout most of communications hardware and software for communicating 
the usefullifeof the x-ray mbe.AtsoiMUmedurmgtteW^ „^er a network represented generally at reference numeral 
of the tube, however, a sharp nse will be detected m the n^,^^^^ ,g ^^^^^^ jj,j^3„^( j^j^^^, „^ ^^j,^^ 

Z-score such as due to an increase in pi^cular matter ^ j^j^^^, 3„eh cases, the scanners are 

withm the tube residung m an mcrease m SREs. as indicated drably provided with network software, such as a graphi- 
by the sharp nse 90 in the histogram. In many systems the ^ j^^^^^^ browser permitdng operations person- 

rise wdl be followed by a peak 92 and a subsequent drop off. ^el at a facility to send and receive messages with the central 
It IS believed that such a drop off may occur due to a service facility. TTie network 96 permits the scanners to be 
tendency for a parUcular matter to drop to the bottom of the ^^^^^^ ^^ ^ ^eb server 98 which manages communications 

. , , and data traffic between the central service facility and the 

As indicated above, m accordance with the present ^ scanners on the network. Alternatively, the scanner may be 
technique, discriminant analysis is used to determine ^^^^ ^^^^y ^^-^^ f^^-ji^y ^ 

weightmg coefficients for the parameters considered to be ^odem-to-modem connecUon, as indicated by the letter M 
predictive of failure. In the presently preferred technique, ^ ^ 

two weighted functions are obtained through the discrimi- The sender 98 may transmit and receive data with the 
nant analysis as foUows: 3^ scanners, and with a central service faciUly 102 through a 

r^^c^+K, (adjratc)+/Cj(floc) (eq. 2); firewall 100, particularly with a Point-to-Point Protocol 

(PPP). Firewall 100 may include any of various known 
and, security devices for preventing access to central service 

^ ^ / J- X ^ / V / facility 102 except by recogoized subscribers and other 

•V z 3 V J / 4% / % -1 / 2^ users. Central service facility 102 includes one or more 

where the value Idfl is a first linear discriminant function central computers 104 which coordinates data exchange 
value, Idf2 is a second linear discriminant function value, between the network scanners and work stations 106 at the 

and C2 are constants resulting from the discriminant central service facility. Work stations 106 may, in turn, be 
analysis, K^, K^, K3 and K4 are coefficients resulting fiom staffed by service personnel. Computer 104 may also be 
the discriminant analysis, adjrate is the Z-score for the tube, 40 coupled for data exchange with one or more servers 108 at 
and the value aoc is the count of daily anode overcunent the central service facility. Moreover, computer 104 or other 
events. In the present embodiment, the values for the con- devices at the central service facility may be coupled or 
slants and coefficients applied in equations 2 and 3 are as configured to be coupled to other internal or external 
follows: networks, such as for exchanging data with databanks 110 

45 through an additional firewall 112. In the presently preferred 
configuration, databanks 110 may be local to or remote from 
the central service facility, and may contain data relating to 
history on particular scanners, families of scanners, popu- 
lations of tubes, and the like. Such data is compiled over 
50 time by transmission from computer 104, and is subse- 
quently accessible by computer 104 to establish or revise the 
particular algorithms employed for predicting future failure 
of the tubes. Finally, the central service facility may be 
In the present embodiment, if the value of Idf2 is found coupled to a warehouse 114 or similar facility for ordering 
to be greater than or equal to the value of Idfl no imminent 55 shipment of replacement tubes depending upon the outcome 
failure is predicted for the tube. On the contrary, when the of the analysis summarized above. 

value of Idfl exceeds the value of ldf2, the tube is consid- It should be noted that in the presently preferred 
ered to be near failure, and its replacement is scheduled as embodiment, the technique for predicting possible failure of 
summarized below. x-ray tubes, and scheduling their replacement, may incor- 

It should be noted that the foregoing values and correla- 60 porate planning for production, transportation, warehousing, 
tions have been determined through extensive analysis of a and similar processes. Accordingly, as illustrated in FIG. 5, 
variety of parameters and their fluctuations over the life of the block 114 should be understood to include manufactur- 
a population of x-ray tubes. In accordance with the present ing and assembly operations, storage facilities, transporta- 
technique, the statistical analyses may be employed to tion infrastructure, and the like. Thus, based upon predicted 
identify the particular parameters discussed above, or addi- 65 failure of a particular type or types of tubes, the system may 
tional or different parameters which may be considered schedule manufacturing or assembly operations, cause parts 
indicative of impending tube failure. Similarly, the particular or sub-components to be ordered or assembled, and the like. 
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Similarly, tubes for which failure is predicted or possible 
may be transported or assigned to specific storage locations 
or forward staging areas at or near the locations where the 
tubes will be needed. In a presently prefened configuration, 
the system may sweep lube parameters from a variety of 
scanners, associate possible tube failures with a list of 
subscriptions stored in a database 110, and command 
manufacturing, transportation, storage and other upstream 
replacement processes, as well as the actual tube replace- 
ment itself. 

In operation, the central service facility 102 can access 
scanners 94 at will via the various network connections. 
Periodic sweeps of the scanners may be implemented in 
which the data' necessary for evaluation of possible future 
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management station), to obtain the failure prediction values 
needod for the prediction analysis. At step 126 the predictive 
analysis is performed, such as through the calculations 
summarized above in equations 2 and 3. The predictive 
failure analysis concludes at step 128 wherein a comparison 
is made between the failure prediction values, as suomia- 
nzed above. Where the result of the comparison indicates 
that failure is not imminent, this fact may be reported to the 
scanner or institution in which the scanner is installed, as 
indicated at step 130. The periodic sweeping and analysis 
summarized above then is repeated over the course of the 
tube hfe. 

If the result of the comparison made at step 128 is 
afiSrmative, this fact is reported to the scanner or institution 
at step 132. In addition, a service order is generated at step 



tube failure is acquired with or without intervention from 15 134 and a replacement tube is ordered from a warehouse or 

service or operations personnel at the institutions in which factory as indicated at reference numeral 114 in FIG. 5. 

the scanners are installed. Moreover, similar network trans- Moreover, the service order includes an electronic message 

fcr of the data may originate at the individual scanners. Once notification sent to a field service engineer, such as via a 

the information has been obtained by the service faciUty, the remote station 116, to inform the field service engineer that 

computations and comparisons required for prediction of 20 replacement of the tube is required. Altcraalivcly, the field 



possible tube failure are made as described above. K the 
prediction is found to be positive, replacement of the tube is 
scheduled. 

The foregoing structure also permits various alternative 
management procedures to be implemented. For example, 25 
the data acquisition and comparisons may be made directly 
at the individual scanners. In such cases, the algorithm may 
be stored a priori at the scanners, or may be downloaded 
from the service facility to the scanners. When the scanner 
determines that a tube failure is possible or imminent, a 30 
message can be sent from the individual scanner to the 
central service facility, which then schedules for tube 
replacement. Similarly, when multiple scanners or diagnos 
tic systems are provided in an institution, a central manage 



service engineer may place a service order in response to 
receipt of a failure prediction or replacement scheduling 
message. 

As noted above, the method may include coordination of 
other upstream operations in addition to the actual schedul- 
ing of the tube replacement. Thus, parts or subcomponents 
may be ordered, manufactured, or assembled based upon the 
predicted failure. Moreover, where local warehousing or 
staging areas are provided, tubes may be shipped in advance 
to such locations in anticipation for the predicted failure. 
Also, messages provided via the present technique, both to 
field service engineers, as well as to scanner operations 
personnel, may include an indication of remedial or other 
measures which can be implemented to avoid or forestall the 



ment station may be linked to the scanners in an internal as predicted tube failure pending its replacement. 



network. The central management station may then collect 
the monitored parameter data and perform the failure 
prediction, or may transmit the information to a service 
facility for analysis. 

It is also contemplated that the central service facility may 40 
conduct the evaluations described herein and schedule tube 
replacement only for scanners for which a oonfonning 
service contract or agreement has been completed. 
Accordingly, in appropriate situations, the central service 
facility may only sweep data from service subscribing 45 
scanners, or may transmit updated failure analysis algo- 
rithms to such subscribing scanners. 

It should also be noted that the present technique permits 
a remote field engineer station to be integrated into the lube 
replacement process, as shown at reference numeral 116 in 50 
FIG. 5. As will be appreciated by those skilled in the an, 
field service engineers may access information on replace- 
ment of tubes through the same network used to link the 
scanners to the service facility. When replacement of a tube 
is scheduled, therefore, the field engineer may be notified of 55 
the need to attend to such replacement. 

The foregoing procedure is summarized in FIG. 6. As 
shown at step 122 in FIG. 6, subscribing scanners or 
facilities are periodically swept to obtain data on parameters 
considered indicative of possible x-ray tube failure, such as 60 
anode overcurrent events, and SREs rates or Z-scores 
derived from the SRE data. Aliematively, the data collection 
may be performed locally at the diagnostic system. All or a 
portion of the analysis may also be performed at the diag- 
nostic system, which may then flag possible failure to the 6S 
service facility. At step 124, the data is compiled, either at 
the central service facility or at the scanners (or internal 



The foregoing technique thus permits eflfective prediction 
of possible tube failure by algorithms derived from actual 
occurrences of historic tube failures. The algorithms may be 
refined and altered over time as desired. Moreover, alterna- 
tive algorithms may be developed for particular families or 
types of tubes, or for particular types of diagnostic equip- 
ment. Upon implementation, the technique facilitates 
planned replacement of the tubes with little.or no interven- 
tion from operations personnel. At the same time, the 
technique allows the institutions to be kept abreast of the 
operational slate of the x-ray tubes, and of scheduled or 
needed replacement as these are identified by the central 
service facility. Additional costs of stocking and transporting 
replacement of tubes after failure may thereby be reduced or 
eliminated, as may costs and inconvenience associated with 
downtime of diagnostic equipment. 
What is claimed is: 

1. A method for predicting failure of an x-ray tube, the 
method comprising the steps of: 

monitoring a plurality of operating parameters of the 
x-ray tube by transmitting signals representative of the 
parameters over a computer network, the plurahty of 
operating parameters indicative at least of the presence 
of particulate matter in the tube; 

deriving a failure prediction value from a combination of 
the plurality of monitored parameters; 

comparing the failure prediction value to a desired refer- 
ence value, wherein the desired reference value is 
derived from the combination of the plurality of param- 
eters based upon analysis of potential failure related 
parameters for a population of a plurality of x-ray 
tubes; and 
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generating a signal indicative of predicted tube failure deriving a reference value based oo the combination of 

based upon the comparison. parameters based upon analysis of potential failure 

2. The method of claim 1, wherein the desired reference related parameters for a population of a plurality of 
value is derived from monitored operating parameters of the x-ray tubes; and 

x-ray tube. 5 generating a failure prediction algorithm based upon the 

3. The method of claim I, wherein x-ray tube is included statistical analysis 

in a medical diagnostic system, and the plurality of param- ^^^^^^ ^j^^ ^^^^^.^ monitored 

^cr^" ' niomtonng system remote from ^^^^^^^^ ^^^^^^^ ^ ^^^^ based upon occurrence of 

^^^^1*^"* .Ljri - 1 u '.ur-i .r. anode overcurrent events and a second value based upon 

4. The method of claim 1, whcrcm the failure prediction ^0 f 

parameter is derived from the combination of plurality of occurrence o spi • . r -i j- • 

parameters based upon discriminant analysis of potential 1^. Tlie method of claim 14, wherem the failure prediction 

failure-related parameters for a population of x-ray tubes. algorithm is generated by discnmmant analysis of the mom- 

5. The method of claim 3, wherein the plurality of ^o^ed parameters. 

parameters are monitored by periodic data sweeps between 15 17. The method of claim 14, comprising the further steps 

a remote monitoring system and the system. of: 

6. The method of claim 5, wherein the data sweeps arc monitoring operating parameters of at least one x-ray 
initiated by the remote monitoring system. mbe; and 

7. The method of claim 1, wherein the plurality of predicting failure of the at least one x-ray tube based upon 
parameters includes a parameter indicative of anode over- 20 monitored parameters and the failure prediction 
current events for the x-ray tube. aleorithm 

8. The method of claim 7, wherein the plurality of -.oJl, , r ^ -i^ • ^i. ji- 

. "j 4 A • Atr f^, 18. The method of claim 15, wherem the second value IS 

parameters includes a parameter denved from spit events for , , r . \ a a f «* 

f. , . based upon occurrence of spit rale exceeded errors for the at 

the x-ray tube. ^ i ♦ » k 

9. The method of claim 8, wherein the parameter derived 25 ^^^^^ ^'^^y ^^J^^' ^. . ^ 

from spit events is based upon a z^core for the x-ray tube, 19. A system for predicting possible failure of an x-ray 

10. A method for predicting potential falure of an x-ray ^^^e, the system compnsiog: 

tube in a medical diagnostic system, the method comprising a monitoring circuit coupled externally to the x-ray tube, 

the steps of: the monitoring circuit monitoring operating parameters 

monitoring a combination of parameters indicative of the 30 of the x-ray tube indicative of possible failure, the 

presence in the x-ray tube of particulate matter; operating parameters indicative at least of the presence 

deriving a predictive value from the combination of of particulate matter in the tube; and 

parameters; a failure prediction circuit coupled to the monitoring 

comparing the predictive value to a desired reference circuit, the failure prediction circuit executing a failure 
value, wherein the desired reference value is derived prediction routine based upon a combination of the 
from the combination of parameters based upon analy- monitored operating parameters and generating a fail- 
sis of potential failure related parameters for a popu- ure prediction signal based upon the routine, the rou- 
lation of a plurality of x-ray tubes; and tion comprises deriving a reference value derived from 

generating a signal indicative of potential failure of the 40 the combination of the monitored operating parameters 

x-ray tube based on the predictive value. based upon analysis of potential failure-related param- 

11. The method of claim 10, wherein the parameters are eters for a population of a plurality of x-ray tubes, 
monitored from a location remote from the diagnostic sys- 20. The system of claim 19, wherein the x-ray tube is 
tem. included in a medical diagnostic system and the failure 

12. The method of claim 10, wherein the parameters 45 prediction circuit is remote from the medical diagnostic 
include a first parameter based upon occurrence of anode system. 

overcurrent events and a second parameter based upon 21. The system of claim 20, wherein the failure prediction 

occurrence of spit events. dxcmi is included in a remote service facility. 

13. The method of claim 12. wherein the second param- 22. The system of claim 21, wherein the remote service 
eter is based upon occurrence of spit rate exceeded errors in 50 facihty is configured for monitoring the operating param- 
the system, ^^^^ a network connection to the diagnostic system. 

14. A method for predicting potential faihire of x-ray 33. The system of claim 22, wherein the remote service 
tubes, the method comprising the steps of: ^^^^^^ ^ configured to collect signals representative of the 

monitoring operating parameters for a population of x-ray monitored operating parameters via periodic data sweeps of 

tubes by transmitting signals representative of the 55 the medical diagnostic system. 

parameters over a computer network, the operating 24. The system of claim 19, wherein the x-ray tube is 

parameters indicative at least of the presence of par- included in a medical diagnostic system and the monitoring 

ticulate matter within one or more of the x-ray tubes; circuit is local to the diagnostic system, 
performing statistical analysis of a combination of the 

monitored parameters; ♦ ♦ ♦ ♦ * 
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